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ABSTRACT
Successful management of traffic safety requires effective community participation in the
process of traffic awareness, planning and management along with the executive bodies
concerned with traffic planning and management. Just as important to reinforcing a shared vision
among people and management bodies is the idea of people participation in decision-making.
There is a strong need for cooperation among traffic users, planners and managers. Traffic users
play a significant role in running the traffic and have been vocal about management issues. Users
should be encouraged to be as involved and active as possible in all decisions that affect their
traffic safety. Community Corporations go further and encourage participation by forming user
organizations. Encouraging user participation also requires training for oversight and conflict
resolution, in order to work through unresolved problems. It is also as important that users should
try out their ideas in an open exchange, see how the ideas fare; and hopefully, the best ones will
survive and users learn through each other. Therefore, there is a great need to provide users,
traffic planners and managers with a platform that fosters such activities and allows traffic users
to discuss, report and document their views, events, experiences related to their traffic safety, i.e.
report on faults, cracks, breakdown, damages, etc. Making a good use of such data can
substantially assist in improving the operation and management of traffic safety. Virtual
environments can provide traffic users, planners and managers with an atmosphere to participate
in a computer generated world. Virtual environments run on multiple processes in which
information are shared among processes. Traffic users, planners and managers will be able to
visualize and navigate the virtual traffic modeled in distributed virtual environments. Traffic
management is essential to achieve better reliability and availability of traffic safety. It is
important to minimize the obstacles that will impact the successful achievement of traffic safety.
This paper proposes a virtual platform for encouraging users’ participation in traffic safety in
terms of awareness, operation and management developed and to be implemented in an
interactive 3D virtual environment. This virtual environment promotes multiple participants and
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can be remotely accessed synchronously by different users within 3D object-oriented virtual
models while they are aware of the presence of others and communicate with them. This virtual
environment encourages users, planners and managers to participate in fostering the sense of
community partnership and shared responsibility, while traffic managers will benefit from the
users’ views.
1. INTRODUCTION
Traffic safety and responsible driving are determined by numerous variables and their
outcomes not only refer to individual’s lives and health, but also reflect styles of human
coexistence. Traffic safety is a multi-disciplinary subject that refers to the planning and
design of roads and highways, vehicle technology in the form of both active and passive
safety, legislative norms and insurance practices, driver training, economic cost of
improving safety, deriving costs of traffic accidents, level of respect for the law and
rules typical of a particular social context, and level of awareness and collective
consciousness. The importance given to traffic safety is an expression of education,
civic sense, and values that animate social life and the concept of individual and
collective responsibility. In sharing this perspective, youth acquire a central role in
constructing a new culture of traffic safety and responsibility for driving behavior.
Youth are not merely the product of their environment but they are the agents of the
social context in which they live. While the social environment certainly has a decisive
role in producing the conditions under which individuals function and behave, the
environmental action is mediated by the ability to assign meaning to the influences that
it exerts [1, 2].
The traffic safety management includes finding traffic accident’s rule, adopting
traffic legislate, making regulation of the traffic safety management and implementing
the controls of the traffic by analyzing traffic accidents on road, in order to prevent the
accidents and reduce the number of the death and property loss. The objectives of
management are to reduce accidents and their severity. Traffic safety management is
integrated with traffic safety wherein if the former is implemented appropriately the
latter will be positively influenced and vice versa [3]. Successful management of traffic
safety requires effective community participation in the process of traffic awareness,
planning and management along with the executive bodies concerned with traffic
planning and management. Just as important to reinforcing a shared vision among
people and management bodies is the idea of people participation in decision-making.
There is a strong need for cooperation among traffic users, planners and managers.
Traffic users play a significant role in running the traffic and have been vocal about
management issues. Users should be encouraged to be as involved and active as
possible in all decisions that affect their traffic safety. Community Corporations go
further and encourage participation by forming user organizations. Encouraging user
participation also requires training for oversight and conflict resolution, in order to
work through unresolved problems. It is also as important that users should try out their
ideas in an open exchange, see how the ideas fare; and hopefully, the best ones will
survive and users learn through each other. Therefore, there is a great need to provide
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users, traffic planners and managers with a platform that fosters such activities and
allows traffic users to discuss report and document their views, events, experiences
related to their traffic safety, i.e. report on faults, cracks, breakdown, damages, etc.
Making a good use of such data can substantially assist in improving the operation and
management of traffic safety. This paper proposes a virtual platform for encouraging
users’ participation in traffic safety in terms of awareness, operation and management
developed and implemented in an interactive 3D virtual environment.
2. PUBLIC PARTICIPATION IN TRAFFIC PLANNING AND MANAGEMENT
The theory and practice of participatory design is well established in the architecture
and planning professions, dating back to the 1960s when pioneers like John Turner,
Lucien Kroll, Rod Hackney and Ralph Erskine first began to extol the benefits of user
involvement in the design process. In addition, there is a growing body of literature
examining tools and techniques that can be used to promote public participation in
architecture, urban design and planning [4, 5, 6, and 7]. The purposes of community
participation vary from acquiring local knowledge, via improvements of plans and
having decisions accepted, to promoting a sense of community [5]. Design and
planning developments is looked at as purposeful activities aimed at creating a product
or process that changes an environment or organization. Community participation
should be a right of all people potentially affected by such design and planning
developments. Community or users participation in design and planning developments
has been fitfully discussed over half a century. However, in most design development
and especially housing development, the prevalent perspective of design and planning
developments is that active involvement of users is either superficially integrated or
mostly avoided. Therefore, it becomes the responsibility of design professionals to
identify what is best for users. More surprisingly when participation is politically
demanded (as in the case of public housing design), it is often practiced ineffectively
with different interest groups [8, 9].
In traffic planning and management there is a need to consider all the people with
different needs and demands using the system. Thus, to create a sustainable and
attractive traffic environment, both engineering and behavioral aspects must be
considered. The information from the participants is a valued asset for gaining
understanding of the users’ opinions when trying to meet their needs and demands in the
implementation process. There are, however, several issues that need to be handled
regarding public participation and their level the involvement should be objective. It may
be argued as to what extent the opinions of users should be taken into consideration in
traffic planning and management. Some may find that the expertise of the planners
should be enough to create good solutions and measures. On the other hand, planning
issues could be regarded as dynamic procedures on which opinions and information from
users could make a meaningful contribution to the solution. When it comes to how the
users should be involved, it is up to the decision maker or planner to decide which level
of involvement is appropriate. There are various forms of public participation in traffic
planning and management processes including workshops, surveys, focus group
interviews, seminars, open-house sessions, and walk-through evaluations [10]. Today
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there is also a broad variety of interactive tools via information technology, though some
are still under development, e.g. web-based survey tools, 3Dmodels, virtual-reality
models, and GIS [11, 12, 13]. Evans-Cowley and Hollander [14] evaluated participation
by social-network platforms such as Facebook and Second Life, and concluded that these
have potential, but are dependent on the planners’ skills and should be further evaluated.
The question of who should be involved is an important factor when it comes to public
participation. It is a problem that certain groups of citizens are less attracted to
participate. It is for example common that younger individuals do not participate [15],
and there are difficulties in reaching women, especially in marginalized neighborhoods
[16]. In order to achieve a successful public participation in planning and management
there are determining factors that have been identified [17]; including to:
• have clear purposes of why the public should be involved and what is negotiable
• define how much impact the opinions will have
• identify and allocate resources
• identify and involve all stakeholders
• present adequate tools in order for the laymen to understand complex issues build
capacity
• enable implementation by strengthening the connection between participation and
decisions
In the traditional approach to community participation in design and planning
developments, user needs are delegated to planners and designers to appropriate and
account for. It is assumed in this approach that active user involvement comes after the
design process is completed. In this perspective, a producer creates a product and the
success or failure of this product in the market might be catered for either in the form
of modifications or for future developments. Product users’ are perceived as essentially
consumers of products and have little or no direct role in creating the products
themselves or even communicating their own needs and ensuring that they have been
met. The stance for promoting participation may take various forms depending on the
required level of participation. Such levels include [18]:
• Information: merely telling people what is planned.
• Consultation: offering some options, listening to feedback, but not allowing new
ideas.
• Deciding together: encouraging additional options and ideas, and providing
opportunities for joint decision making.
• Acting together: not only do different interests decide together on what is best, they
form a partnership to carry it out.
• Supporting independent community interests: local groups or organizations are
offered funds, advice or other support to develop their own agendas within
guidelines.
Effective community participation is based on the philosophy that people have both
the desire and ability to plan and carry out development programs to enrich their lives.
The degree to which this is accomplished depends on people having opportunities to
learn and apply knowledge, imagination, and experience toward solving mutual
problems. Therefore, there is a need to develop sound and proactive ways to develop
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programs and plans using a community participation process. Some major benefits of a
community participation plan as part of the design and planning development processes
are [19]:
• Keeping development professionals in direct touch with the people that
developments are designed to benefit. 
• Increasing the quality and effectiveness of developments because the knowledge,
creativity, and leadership skills of many people are utilized. People feel a greater
responsibility for the success of developments when they help to develop them.
• Producing more successful developments than professionals could produce alone
since the involvement of community multiplies the efforts of development
professionals.
• Identifying resources needed to conduct effective developments and to legitimize
these needs.
• Helping people develop their confidence and leadership. People will have an
opportunity to satisfy their basic needs to participate.
3. REAL-TIME 3D MULTI-USER VIRTUAL ENVIRONMENTS FOR FOSTERING
COMMUNITY ENGAGEMENT
The use of virtual environments by organizations is not a new development. Virtual
environments have been utilized for a variety of purposes over the past decade. For
instance, crisis situations have been simulated in virtual outer space environments as
part of the training NASA conducts for astronauts, and Boeing created full-size
interactive 3D models of aircraft chassis for designers and engineers [20]. Other
organizations have used virtual environments as a way to market products to
consumers, such as Nike’s marketing of shoes through the virtual world There [21]. In
the past, MUVEs had been prevented from seeing widespread implementation due to
the limitations of Internet connections and computer processors. However, as
technology becomes increasingly sophisticated and high-speed Internet connections are
more commonplace, the obstacles to actualizing MUVEs for internal organizational use
have been overcome [22]). These days, more organizations are finding utility in using
MUVEs for purposes such as holding meetings in virtual offices and for personnel
recruitment. A MUVE like Second Life can provide a single solution for content
delivery and communications including chat, email, text messaging, audio and video
streaming, slide presentations, images and voice [23, 24].
A real-time 3D Multi-User Virtual Environment (MUVE) is an electronic virtual
world that exists solely in cyberspace, wherein users can remotely interact together. A
MUVE is an on-line environment that enables multiple simultaneous users to access
virtual contexts where they can interact with digital artifacts, represent themselves
through avatars, communicate with other participants, and take part in shared
experiences which can be similar to those in real world contexts. An avatar is a 3D
graphical self-representation resembling an individual participant [25, 26]. In general,
these MUVEs offer at least three things as shown in Figure 2: (1) a 3D space or
environment; (2) avatars that represent the individual user; and (3) interactive chat,
either using text or voice or both [27]. A user-created character, or avatar, is the user’s
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in world persona. One creates an identity to reflect an individual personality and
interests (or several alternative avatars to capture several personalities and sets of
interests that may be wanted). Creating such an identity is one of the important aspects
that engage users, especially younger users, who find it similar to customizable social
networking sites like Facebook [28]. 
Examples of MUVEs include Active Worlds and Second Life. In-world
communication in MUVEs is through instant messaging either directly to a resident, to
a local group within ‘shouting’ distance, or chatting, or whispering to residents within
a smaller radius (typically one to one). Using instant messaging, one can communicate
effectively within the limits of the technology, which offers dual aspects of a recorded
(similar to writing or email) but discursive (similar to a face to face conversation)
medium. Communication about activities within MUVEs need not be limited to the
tools provided by the environment itself. Voice over IP systems such as Skype has been
used to help coordinate small groups of residents and to free up keyboard action for
avatar control. Judging when to use which communication system is a useful skill that
would be transferable into the workplace. It may be that the ability to collaborate,
discuss and chat about events and artifacts within the virtual world has some parallels
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Figure 1. An example of MUVE that offers at least three things: (1) a 3D space or
environment; (2) avatars that represent the individual user; and (3)




to team building exercises in the commercial world [29]. Figure 3 illustrates an example
of a community meeting area in a MUVE using Second Life.
MUVEs provide a non-technical platform enabling stakeholders in an engagement
process to explore ideas, obtain relevant background information, establish mutual
knowledge, share ideas and develop shared meaning that are all necessary for
engagement [30, 31]. The features of MUVEs include the capacity to represent familiar
contexts, provide a three dimensional unfolding perspective of the environment, make
real-time changes to the environment and produce text-based responses to questions, all
have the potential to enhance communicative and decision-making processes in active
participatory setting. The emergence of MUVEs provides opportunities for people to
move through and interact with spaces as virtual representations of people (avatars),
thus providing new ways to collaborate in the design of spaces. There is growing
interest among urban designers and planners to use 3D MUVEs such as Second Life for
the design and planning of buildings, neighborhoods and cities. The city of Boston is
recreating parts of Boston in Second Life and includes features such as online concerts
and discussion forums to encourage more people to participate in civic life. They also
see this as a way to evaluate proposed new developments in Boston [32]. Second Life
allows users to immerse themselves in an environment and engage in synchronous
dialogue and production with other graphically represented users. It allows for group
authorship, which better enables a sense of collective ownership in a space or object.
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Figure 2. An example of a community meeting area in a MUVE (Second Life) [29]
And unlike professional design programs, it affords users a sense of playfulness and
allows them to experiment with designs and concepts that have little connection to
empirical reality.
4. VIRTUAL ENVIRONMENTS FOR TRAFFIC SAFETY PLANNING, MANAGEMENT
AND PUBLIC ENGAGEMENT
Virtual Environments is the scientific field which aims to integrate users with virtual
data. Ivan Sutherland put the basis for the research when he set a challenge of making
the screen a window to the virtual world which must look, smell, act and feel real [33].
Since then, many studies have been conducted on the topic and several technological
advances have been achieved. As an example, 3D Immersive Virtual Reality (3D IVR)
is a technology which provides the user a sense of presence and immersion in a virtual
environment. Presence is achieved through coherently understanding and accepting the
virtual simulation while immersion is established through having the ability to navigate
around and interact with the objects in the virtual scene [34]. 3D IVR enables users to
examine several scenarios and alternatives simultaneously and provides high level of
presence and interactivity with the proposed alternatives. This is very essential for
decision makers knowing that 83% of new information is learnt through sight [35].
Consequently, 3D IVR can play a significant role in increasing the speed and
effectiveness of the decision making process. The fast and effective decision making
achieved by the implementation of 3D IVR within the process will result in a reduction
of new product lead time. It also plays a major role as a digital prototyping tool reducing
the dependency on physical prototyping only. Also the use of digital prototyping
introduces flexibility and reduction in the required time and financial resources within
the new product development process [36]. 
The challenging exercise of a community planning session is often to arrive at a
common understanding of the three dimensional qualities of a space, based only from
plans and elevations. Participants in in these review sessions must project in their
minds’ eye a 3D form created from 2D drawings. Photographic views of the site can
simply add another layer of complexity by requiring the participant to superimpose an
image of the proposed building into the photographic view. To complicate matters,
architects on behalf of their clients can use computer-generated images to render their
projects in a favorable light. Atmospheric effects, the addition of attractive landscaping
and tree plantings, the selection of dramatic viewpoints and perspectives, projections
that can never be visualized by the human eye, are all part of the practice of creating an
artistic rendering. Furthermore, showing alternative views on-the-fly of a project for
different times of the day and year is very difficult within the medium of a drawing,
single computer generated image or animation. Testing whether a proposed design will
block a key view of the street or shade a neighbor’s backyard requires the preparation
of new materials. Under these circumstances, members of the community are
compelled to accept the professional judgment of architects and planners. In the past
decade, significant improvements in computer graphics hardware and software have
promoted an explosion in the creation of 3D cities and worlds in video games. The
growing commercial importance of gaming has allowed cheaper graphics cards to
emerge and consequently, the possibility to view complex virtual worlds for the first
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time in real time on a PC (personal computer). Supporting this development was the
improvement in game engines that capitalize on more powerful video cards. Faster
rendering of images empowered game developers to create virtual worlds with greater
visual detail and higher visual fidelity. Virtual worlds, which a decade earlier required
rendering by a SIG Graphics Reality Engine, can now be navigated through in real time
on a home PC. Though virtual reality has been used for over two decades as part of the
planning process, it is still not widely used. Hence, there is always a need for gaining
an acceptance of using virtual environments by the planners, developers and the
community as the first step; an example of its usage is shown in Figure 3 [37].
4.1. Fostering Coordination and Promoting Cooperation using Virtual Environments 
The communication cycle between planners, engineers, managers, and the public will
affect the efficiency and effectiveness of the consultation tremendously. Communication
gaps between the parties need to be prevented. Figure 4(a) shows the conventional
communication flow. The designs from planners and engineers were presented to
decision makers, usually through some paper-based medium, experiment data, 2D
images, and CAD drawings, but this is often resulted in a lack of integration with the
information. A decision maker needed to observe complex information and geometries,
perform an engineering analysis of the data, and then set the policy. However, it costs
time and effort to combine the huge amount of data and sometimes delayed the progress
of project. Decision makers and engineers need to explain their policy and engineering
details to the public. At the same time, they want to get support for the policy and
feedback from the public to revise the design. The public, who are residents in and
around the local areas, are mainly concerned about the safety of the design and their lives
and properties. Additionally, they are also worried whether the project will influence
their daily activities. Unfortunately, the traditional process always consumed much time
and was stammered with many misunderstandings, which was also somehow
contradictory from a participant’s point of view. Generally, the public face difficulties in
imagining the project’s impact and the goals that the project ultimately would achieve
because most of them had no engineering background in relation to the project, leading
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Figure 3. An example of a virtual environments used by planners, developers and
the community [37]
to difficulties in understanding construction drawings. If they could not understand the
whole project and get assurance from the decision makers, they would refuse to support
the policy and on the other hand the engineers found it hard to get constructive opinions
during these processes. To decrease communication gaps, engineers and decision makers
need to explain the design details in a language which is easily understood by the public.
One of the major challenges encountered is how to create a better visual presentation for
public participation [38, 39].
Virtual environments with advanced technology showing both non-geometrical and
geometrical information can be an ideal solution [40]. Such an environment is a
medium that can be understood by all communities, irrespective of the region or
occupations of individuals. Thus, the goal of public involvement through user
satisfaction with both the process and the outcomes can be attained. The virtual
environment is an effective tool for communication between local residents and the
project’s technical personnel. Local residents need more knowledge about engineering
and other technical terms and the technical personnel need a better understanding
regarding the expectations of local residents. Smooth communication between two
parties through knowledge interchange can reduce public distrust and enhance public
support in the decision-making process. Figure 4(b) illustrates a new communication
cycle that employs a virtual environment in the planning and implementation process.
Firstly, engineers proceed with their plan and verify their design using experimental and
numerical modeling results. They then present their advice and provide consultation to
the decision maker with the assistance of a virtual environment display in hope of
obtaining greater policy and budgetary support. Using virtual environments for public
engagement, the decision makers are able to give more concrete responses to local
queries, and the public can express their opinions more directly and effectively.
Therefore, the communication between engineers and the public is greatly enhanced by
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Figure 4. (a) Traditional communication cycle between decision makers, engineers
and the public; and (b) New communication cycle of employment virtual
environments [38]
(a) (b)
using a 3D virtual environment to present the project [38]. Furthermore, the gap in
communication between businesses and external decision makers (such as public,
authority and customers) can be significantly reduced through the implementation of
3D Immersive Virtual Environments (IVR) in the communication process. The results
suggest that 3D IVR plays major role in unifying the level of understanding among
expert and non-expert participants. They also indicated that 3D IVR supported all
participants in various aspects of their internal and external decision making process
and the 3D IVR’s superiority over 2D technology as a communication tool [36].
4.2. Towards a Sense of Community Partnership and Shared Responsibility in
Virtual Communities 
Virtual communities (VCs) are defined as computer-mediated spaces where there is a
potential for an integration of content and communication with an emphasis on member-
generated content [41]. VCs grew quickly in recent years especially commercially
oriented VC, where people gather mainly to share commercial information, such as their
experiences or knowledge about specific products or services. These VCs are
characterized by weak ties and geographical dispersion; the interactions in such VCs
have posed significant impacts on businesses. For instance, in China, commercially
oriented VCs are widely used by major C2C providers to convert VC members to C2C
customers [42]. It is, therefore, important to understand why VC members are hanging
out in VCs and are willing to share or get information from such communities.
Researchers always want to figure out what factors attract people to the VCs [43]. The
stickiness of a VC, which can be reflected by its members’ sense of belonging and
participation, is a vital factor for its success or survival. This sense of belonging is also
called a sense of identification and a sense of membership, and describes an emotional
attachment of a user to a VC. Establishing and maintaining relatedness to others is a
basic need of human, and the nature and quality of such interpersonal relatedness would
influence people’s physical and mental health. Sense of belonging in VCs will lead to
positive outcomes. For instance, sense of belonging is found to facilitates online
sustained participation in virtual learning communities [44] and contribute to members’
loyalty to VCs. Participation in a VC usually refers to behaviors of sharing with and
getting information, experiences, opinions, or knowledge from other users in the VC.
Social capital describes the resources rooted in relationships. Its biggest difference
from other forms of capital, such as physical, financial, and human capitals, is that
social capital is embedded in the structures of social networks and the relationships
among people while the latter ones generally focuses on assets or personnel. Though
intangible, social capital is considered as an important resource in a social system and
has been proven to be related to knowledge transfer, no matter in the traditional or the
virtual environment. Social capital consists of three dimensions: structural, relational,
and cognitive. The structural dimension refers to the connections between actors in a
social system, where network ties provide access to resources. The relational dimension
(trust) refers to the personal relationships individuals develop with each other through
repeated interactions. The cognitive dimension (familiarity) refers to resources
providing shared representations, interpretations, and systems of meaning among
parties. Social capital directly and indirectly influences the participation in a VC, which
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is measured by the intentions to get information from and share knowledge with the
community. Sense of belonging is crucial as it mediates the relationship between social
capital factors and participation behaviors. The results indicate that the three social
capital factors are all positively related to the sense of belonging, which in turn has a
significant effect on both types of intention (to get and to share knowledge). Through
the test of mediating effects, sense of belonging is found to be a significant mediating
factor between the social capital factors and VC members’ intentions to participate [45].
Outreach, engagement, and mobilization of community members were critical to
partnership success in reaching a large and diverse number of community members.
Community partnerships focused on creating changes to environments and policies,
with complementary promotional and programmatic efforts will enhance active living. 
4.3. Virtual Environments for Traffic Safety
Virtual Environments has been prevalently used as a tool to help users learn and to
simulate situations that are too hazardous to practice in real life. The VR-based learning
environment focuses on three broad and related areas of pedestrian skills include: (a)
Safe-place finding – perception of the dangers posed by aspects of road layouts; (b)
Roadside search – awareness of potential and actually vehicle movement and the
implication for road crossing; and (c) Gap-timing – coordinating road crossing with
vehicle movements. ViSTREET is a desktop VR-based learning environment for
teaching school children pedestrian road safety skills. The development of ViSTREET,
as illustrated in Figure 5, is based on the integration of Virtual Reality Modeling
Language (VRML) and Hypertext Markup Language (HTML). These are selected due
to its feasibility to be widely used without the need to expensive software. In
ViSTREET, each skill to be taught is presented in one specific scenario. The
combination of virtual road scenarios formed the complete learning environment. The
learning environment was then integrated onto the web interface to allow better
visualization and flexibility in adding other useful web-based components [46].
Technologies such as connected vehicles are now considered as promising Intelligent
Transportation Systems (ITS) solutions for smart cities to ensure less congestion and
fewer accidents. By being constantly informed about the road states and potential
accidents, connected vehicles drivers are able to take appropriate actions in order to
avoid such accidents. Taking into account human factor in the process of driver’s
warning has proved to be crucial for achieving the goal of this technology with respect
to road safety. Connected vehicles can be classified into two main categories:
autonomous and non-autonomous vehicles. The latter are characterized by the presence
of drivers with a new driving context that features continuous acquisition of information
from their vehicle devices and other vehicles in the vicinity, and transmitted to the driver.
Thus, driving these vehicles consists also of continuously receiving and processing
information. Benyahia et al. [47] proposed a testing environment based on the virtual
reality (VR) technology, as illustrated in Figure 6. Its approach is a scenario based design
for cooperative driving using the dissemination of information between vehicle drivers.
The VR environment is based on immersive technologies using a head mounted display,
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Figure 5. Screenshot of the ViSTREET learning environment showing examples of
problem representation problem manipulation space and information
resources [48]
Figure 6. Virtual Driving Environment Components Interface [47]
motion tracker, a steering wheel and pedals kit. This tool is used to specify and test
different scenarios in order to establish associations between driver behavior and
responses to warnings in order to avoid collisions in real time.
5. A VIRTUAL PLATFORM FOR IMPROVING COORDINATION AND PROMOTING
COOPERATION ON TRAFFIC SAFETY 
Virtual environments can provide traffic users, planners and managers with an
atmosphere to participate in a computer generated world. Virtual environments run on
multiple processes in which information are shared among processes. Traffic users,
planners and managers will be able to visualize and navigate the virtual traffic modeled
in distributed virtual environments. Traffic management is essential to achieve better
reliability and availability of traffic safety. It is important to minimize the obstacles that
will impact the successful achievement of traffic safety. This paper proposes a virtual
platform for encouraging users’ participation in traffic safety in terms of awareness,
operation and management developed and implemented in an interactive 3D virtual
environment. This virtual environment promotes multiple participants and can be
remotely accessed synchronously by different users within 3D object-oriented virtual
models while they are aware of the presence of others and communicate with them. This
virtual environment encourages users, planners and managers to participate in fostering
the sense of community partnership and shared responsibility, while traffic managers
will benefit from the users’ views.
The aim of the virtual platform proposed in this paper is, based on the system
developed by Wu, He, and Gong [13], to provide a virtual 3D environment for
exhibiting traffic planning, management and operation information. In this
environment, traffic planners, engineers, decision makers and the general public are
able to visualize, manipulate and discuss traffic planning over the Internet. The focus of
this paper is to provide a remotely and client-based virtual environment where traffic
planning, management and operation can be visualized by the public in a 3D virtual
environment wherein comments from the public will be collected. The objectives of this
3D virtual environment include: (a) a distributed computing environment, which is
convenient for end-users to access from any low-end personal home computer, PDA, or
smart phones, as this is an important requirement for wide accessibility for public
participation who are geographically distributed; and (b) a 3D real-time and multi-user
virtual environment such as Activewolrds and Second Life platforms. The framework
of proposed virtual platform has three layers as illustrated in Figure 5. The Support
Layer includes all systems that process traffic planning, management and operation.
The Support Layer uploads periodic traffic safety information on service layer for
publication. The Service Layer consists of three types of services.: (a) geospatial
information services, images, vector and 3D city models that comprise the base model
for the 3D real-time virtual environment; (b) public participation services designed for
collecting non-geometrical comments and allows for uploading images from the public;
(c) traffic planning model services to provide visualization of geometrical and 
non-geometrical information for traffic planning, management and operation projects.
This framework can easily integrate existing traffic planning projects by uploading their
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3D models to the server and then be accessible to end-users. Text documents are
uploaded to the public participation server simultaneously. The server provides all
necessary 3D geospatial data and the client can visualize either in a 2D or in a 3D
interface based on the capability and capacity of client device. 
In the Service Layer, the 3D Real-Time Multi-User Virtual Environment
(3D_RT_MUVE) has the potential and capacity to facilitate active participatory
engagement, it must also be realized that it is not the technology itself that will permit or
restrict active participation. The remote 3D_RT_MUVE has been used primarily as a
presentation or information tool for urban design; often representing an ideal proposed
built form without reference to any social context. This popular use of 3D_RT_MUVEs
technology acts as a warning to those interested in using 3D_RT_MUVEs as a
communication facilitator rather than an information provider. Therefore, in order to
achieve effective community engagement using 3D_RT_MUVEs, then it is essential to
conceptualize how 3D_RT_MUVEs can facilitate the process of engagement, the means
rather than the outcome. Figure 6 depicts a proposed conceptual model to achieve
effective community partnership in traffic planning, management and operation. The
model articulates the engagement levels (information, consultation, deciding together,
and acting together); the community interactions: (a) interactive consultation, (b) get
direct feedback; types of community engagement (income, age, and group specific or
all); the interactions of traffic planners, engineers and decision makers: (c) to get
feedback, and (d) to insert model data.
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Figure 7. The framework of proposed virtual platform for improving coordination
and promoting cooperation on traffic safety
Client Layer
●   distributed computing environment
●   3D Real-Time Multi-User Virtual Environment
Service Layer
●   geospatial information services, images, vector and 3D city models
●   public participation services
●   traffic planning model
Support Layer
“uploads periodic trac safety information on Service Layer for publication”
The role of people who plan and facilitate the engagement process, including group
facilitators who lead discussion, technicians who operate the technology and those who
program it must be recognized as playing a more salient role than the technology itself.
It is these people who are responsible for using and applying 3D_RT_MUVEs in a
manner that is authentic and supportive of active participatory engagement. There are
three layers relevant to the engagement process. The first involves the purpose (traffic
safety in traffic planning, management and operation), the second involves the approach
to engagement (the role of those who plan and facilitate engagement) and the third
involves the resources used during the engagement (in this case, the role of
3D_RT_MUVEs). All of these layers must be recognized as different, yet inter-related
and must be integrated appropriately in the conceptualization and course of the
engagement process [49]. It is equally important to be clear about who is to be engaged,
at least initially is it all those who reside within certain geographic boundaries? Or is it
a specific education group, an income-specific population, or an age group, such as
youth? Is it a specific set of institutions and groups, such as faith communities, schools,
or the judicial system? Or is it a combination? How might other collaborations or
partnerships in the community of interest enhance engagement efforts? Answers to
these questions will begin to provide the parameters for the engagement effort [50].
6. CONCLUSION 
Computers and information technology is increasingly being integrated into the
everyday functioning of society. There are many opportunities and many problems
associated with this integration. Unequal access to the technology due to economic,
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Figure 8. The framework of proposed virtual platform for improving coordination
and promoting cooperation on traffic safety
knowledge or other barriers has the potential to create an “information underclass”.
There is a need for tools that have the potential to provide equal access to the information
revolution, thus allowing individuals and communities to become more involved in the
decision making processes that affect their lives. A networked community consists of a
network of computers, PDAs, IPADs and smart phones with WI-FI or DSL services that
allow users to connect to a central computer which provides community information and
a means for the community to communicate electronically. Engagement is the key and
the technology we use should be focused upon encouraging participation and not the
technology itself. The importance of digital technologies for the improvement of public
involvement such as 3D_RT_MUVEs are tools like hoes or shovels, which are only of
value when they are in service to the garden. If our communities are to benefit from new
technology tools for civic engagement, we must be sure that our technology does not
drive or overwhelm the participation process. Therefore the importance of
3D_RT_MUVEs as a distributive tool opens up the world of traffic planning,
management and operation to the public, which may have been in the shade.
This paper has exemplified the importance of 3D_RT_MUVEs for engaging a wider
range of people into the processes of enhancing traffic safety including traffic planning,
management and operation. In order to potentially achieve a sense of community
partnership and shared responsibility, the public’s involvement is tantamount to better
planning. Using the model 3D_RT_MUVEs proposed in this paper would effectively
help foster a coherent community partnership through improving coordination and
promoting cooperation on traffic safety improvement. However, municipalities and
traffic authorities should play an important role in utilizing and supporting the
implementation and then the application of the proposed model. There are various key
research areas on which future research efforts will focus, including the utilization of
3D_RT_MUVEs to facilitate genuine community engagement along the empowerment
by influencing traffic safety through ‘citizen judgment’, and ballots within the
3D_RT_MUVEs focused on the development options elicited through collaboration
and from visualization outcomes.
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